Within the United States, Washington is the number one producer of 'Concord' grapes and the number two producer of wine grapes. Previous studies in wine grapes revealed the presence of twelve different viruses in Washington vineyards.
Introduction
Within the United States, Washington is the number one producer of juice grapes (Vitis × labruscana L. 'Concord' and Vitis labrusca 'Niagara') and the number two producer of wine grapes (15) . The grape and wine industry have an economic impact of about $8.6 billion at the state level and about $14.9 billion at the national level (23) . With a role this large in the local and national economy, the grape industry has a very low tolerance for threats to its sustainability, particularly arthropod pests and pathogens.
There are many different viruses and other graft-transmissible agents reported from all of the major grape-growing regions in the world. To date, twelve different viruses have been detected in Washington vineyards (Table 1 ) (15) . Of these, Grapevine leafroll-associated viruses (GLRaVs) 1, 2, 3, 4, 5, and 9 have been documented in grapevines (Vitis vinifera) affected with grapevine leafroll disease (GLRD). This disease is considered the most devastating viral disease of V. vinifera cultivars (16) and is present in all major grape-growing regions in the world (10, 12) . GLRD accounts for 50-60% of global yield losses due to all grapevine viruses and is responsible for about 5-10% of the yield loss in Washington State (16) . Of the six GLRaVs known from Washington, Grapevine leafroll-associated virus 3 (GLRaV-3) was found to be the predominant virus in Washington vineyards (11, 16) . Grapevine fanleaf disease caused by Grapevine fanleaf virus is another very serious viral disease of grapevines. It is cosmopolitan in distribution and can cause up to 80% yield loss in wine grapes, depending on the cultivar (4) . Although much information is available on viruses in V. vinifera cultivars, comparatively little is known about viruses in grape cultivars native to North America, principally Concord and Niagara (11, 12) . Recently, GLRaV-3 was documented in Concord and Niagara grapes in Washington State (22) . In contrast to wine grape cultivars, Concord and Niagara cultivars appear to have latent infections of GLRD. With latent infections of GLRD in these cultivars, the prevalence of the disease and its economic impact have received little attention. Other important aspects of grapevine virus epidemiology that have been largely ignored in Concord and Niagara vineyards are vector biology and control. The grape mealybug (Pseudococcus maritimus Ehrhorn) and the European fruit lecanium scale (Parthenolecanium corni Bouché) are known vectors of GLRaV-3 and GLRaV-1 in wine grapes (7, 9) , but their role in transmitting viruses in juice grape vineyards is unknown. Both vector species are present in Washington vineyards (8) . A common occurrence in Washington State is the close proximity of Concord vineyards to wine grape vineyards, and sometimes, the two types of grapes are grown adjacent to each other. Because of the presence of GLRaV-3 in Concord vineyards, the close proximity of Concord vineyards to wine grape vineyards, and the presence of two known vector species in both types of vineyards, it is possible that Concord vineyards could be serving as reservoirs for infection of wine grape vineyards with GLRaV-3 or other viruses, depending on the presence of the appropriate vectors.
The primary objective of this study was to survey Concord vineyards in Washington State to document the presence of grapevine viruses. By knowing exactly what viruses are present in Concord grapes, a better assessment can be made of the epidemiology of grapevine viruses in Washington State vineyards and the risk they pose to grape production.
Collection of Plant Samples
A total of 500 samples were collected between 2010 and 2011 from twelve different Concord vineyard blocks near Prosser, WA. In each vineyard block, 42 Concord vines were sampled randomly. Five leaves, proximal to main trunk and cordon, were detached at the base of the petiole, placed in sealed plastic bags and transported to the Washington State University-Irrigated Agriculture Research and Extension Center, Prosser, for analysis.
Detection of Viruses
Extraction of samples was accomplished using the protocol by Rowhani 
Viruses Present in Concord Vineyards
Ninety-two of the 500 Concord samples tested positive for the presence of virus (Table 3) . In this survey, five different viruses were found in Concord grapevines. They are GLRaV-2 (KC110862), GLRaV-3(KC113195-97), GLRaV-4 (KC113198), GLRaV-9 (KC113199), and GFLV (KC113200). Nucleotide identity of virus sequence data among and between vineyards for each virus detected is presented in Table 4 . Individual vineyard data are presented in Table 5 .
Species
Size Primer name Sequence (5'-3')* GLRaV-1 401 LR1-hsp401/F GTTACGGCCCTT TGTTTATTATGG (17) LR1-hsp401/R CGACCCCTTTATTGTTTGAGTATG (17) GLRaV-2 331 LR2-2332/F ATAATTCGGCGTACATCCCCACTT (17) LR2-hsp332/R GCCCTCCGCGCAACTAATGACAG (17) GLRaV-3 546 LR3-hsp70/F CGCTAGGGCTGTGGAAGTATT (19) LR3-hsp70/R GTTGTCCCGGGTACCAGTTAT (19) GLRaV-4 371 LR4/5-Unl370/F GGTATGAACAARTTCAATGC (17) LR4/5-Unl370/R TAGACAACCATGTAYTCTATG (17) GLRaV-5 272 LR5-hsp273/F AACACTCTGCTTTTCTGCTGGCA (17) LR5-hsp273/R TCTCCAGAAGACGGACCAATGTAA (17) GLRaV-6 NA NA NA NA NA GLRaV-7 NA NA NA NA NA GLRaV-9 393 LR9/F CGGCATAAGAAAAGATGGCAC (3) LR9/R TCATTCACCACTGCTTGAAC (3) GLRaV-10 NA NA NA NA NA GFLV 322 GFLV-2231/F ACCGGATTGACGTGGGTGAT (21) GFLV-2533/R CCAAAGTTGGTTTCCCAAGA (21) Species Size Primer Name Sequence (5'-3')* GFkV 530 GFkV-585/F CTCAGCCTCCACCTTGCCCCGT (18) GFkV-1117/R CAATTTGGCTGGGCGAGAAGTACA (18) GSyV-1 298 GSyV-1-Det/F CAAGCCATCCGTGCATCTGG (2) GSyV-1-Det/R GCCGATTTGGAACCCGATGG (2) GRSPaV 332 RSP-CP52/F TGAAGGCTTTAGGGGTTAG (14) RSP-CP53/R CTTAACCCAGCCTTGAAAT (14) GVA 430 GVA-CP6356/F GATACYCTAGTTATGCCAGA (13) GVA-CP7096/R GCACCACACTTACACACATTC (13) GVB 459 GVB-1544/F GTGCTAAGAACGTCTTCACAGC (13) GVB-1983/R ATCAGCAAACACGCTTGAACC (13) GVD 465 D_ORF/F CTTAGGACGCTCTTCGGGTACA (1) D_ORF/R CTGCTCTCCAACCGACGACT (1) 5 August 2013 Plant Health Progress Table 3 . Samples tested positive for grapevine viruses. Table 4 . Sequence identity between virus samples. This survey establishes new records for the presence of GLRaV-2, GLRaV-4, GLRaV-9, and GFLV in Concord vineyards in Washington State. Owing to a wide distribution of GLRaV-3 in grape growing regions and the established presence of GLRaV-3 in Concord grapes in Washington, the presence of other GLRaVs was not unexpected. Also, GLRaV-3 was demonstrated to be the predominant virus encountered in Concord grapes in this survey, which is in congruence with many other surveys (6, 10, 11, 12, 22, 25) . The sample D2 appeared to have very similar sequence to the isolate WA C1-1 (DQ780885) previously documented from Concord grapes (22) . Sequence data for the heat shock protein subunit 70 (hsp-70) region of GLRaV-3 obtained from other samples, however, appeared to be more similar to the GLRaV-3 isolate 4448 (HM636877), and isolate known from V. vinifera cv. 'Crimson seedless' in Chile. The presence of isolates in V. × labruscana L. similar to GLRaV-3 isolates known from V. vinifera in Washington is an indicator that GLRaV-3 could potentially be spreading from V. vinifera to V. × labruscana L. To date, the presence of isolates similar to those from V. × labruscana L. in V. vinifera has not been demonstrated. The occurrence of GLFV is interesting because the natural vector, Xiphinema index, has never been recorded from Washington State. It is likely that infected, propagative materials used to establish vineyards originated from a single nursery source, as indicated by identical sequence data for all GFLV samples in the study. In Washington State, many Concord vineyards are grown adjacent to wine grape vineyards. This practice may be allowing Concord vineyards to serve as a reservoir for infecting V. vinifera vineyards with GLRaVs. While Concord grapes may be a source of inoculum for GLRaVs to be spread into wine grapes, the original source of GLRaVs was most likely the arrival of infected propagation materials from other grape growing regions and has consequently moved into Concord vineyards. All vineyards in this survey had established populations of Ps. maritimus (5) and Pa. corni were observed in each Concord vineyards sampled. One vine that tested positive for GLRaV-3 also had Pa. corni on its trunk. Currently, only Ps. maritimus is known to vector GLRaV-3 between V. vinifera plants with no data on their ability to vector the virus between V. × labruscana L. or between V. vinifera and V. × labruscana L.
Management practices aimed at infection and vector control are minimal in V. × labruscana L. because of the apparent lack of symptoms and economic impact. The lack of control of GLRD in Concord vineyards, the presence of GLRaVs in many Concord vineyards, and the presence of known vectors of GLRaVs in these vineyards create an increased risk to the sustainability of wine grape vineyards that are in close proximity. This threat highlights a clear necessity for future work to focus on the vector capabilities of Pa. corni and Ps. maritimus with regard to interspecific transmission of GLRaV-3 in grapes in Washington State.
